Abstract-To treat high free fatty acid feedstock in biodiesel production, the reduction of free fatty acid by esterification in continuous reactive distillation column was investigated. In this work, ethanol and crude palm oil (CPO) which the molar ratio of ethanol to oil was 8:1 were selected as reactants with Amberlyst-15 catalyst and the reaction temperature was 80±5 o C. The effects of type of reactor, feed location and amount of catalyst were examined experimentally. The result showed that either high amount of catalyst in reactive distillation column increased the efficiency of free fatty acid reduction. Finally, at the same amount of catalyst, feed location at upper part of column yield better reduction free fatty acid than lower part of column.
I. INTRODUCTION
In the present, the world has a problem about oil fuels due to high cost and few amount of oil. This causes the research and development in biodiesel as an alternative fuels. Biodiesel is produced from renewable source. In Ministry of Agriculture and Cooperatives (2016) the cost of crude palm oil (CPO) is lower than refined palm oil about 1 time. Therefore it can be selected as a feed stock in order to reduce cost of raw material which is the dominant cost for biodiesel production [1] , [2] .
However, CPO containing high amount of free fatty acid (FFA) makes rapidly saponification in the reaction of transesterification. Therefore esterification should be done before transesterification. The purpose of this work is to study the effect of type of reactor, amount of catalyst, and feed location on the reduction of FFA in biodiesel production by reactive distillation column (RD) which both chemical reaction and distillation process in a single unit. This technique is lower cost of using alcohol and the operation [3] .
II. MATERIALS AND METHOD

A. Materials
Crude palm oil with approximately 5-10% FFA was acquired from the Specialized R&D Center for Alternative Energy from Palm Oil and Oil Crops (Thailand). Ethanol 95 %wt was purchased from Merck. Amberlyst-15 was from Sigma Aldrich. Activated carbon was from Qualitech Supply Songkhla, Thailand. Sodium Hydroxide was obtained from Loba Chemie and Phenolphthalein was acquired from QReC.
B. Experimental Setup
FIGURE I. A SIMPLE REACTIVE DISTILLATION COLUMN
The esterification process was performed in a reactive distillation column: 2 glass tubes in series (each tube has 300 mm height and 45 mm inside diameter) with Amberlyst-15 packing. One end side was connected to a reboiler and the other was connected to a condenser. The RD column, reboiler and crude palm oil were preheated up to 80±5 oC as a reaction temperature. After reaching the temperature, alcohol and oil (molar ratio of ethanol: CPO is 8:1) were fed to RD column. During continuous reactive distillation column were withdrawn from the reboiler since 60 to 300 min.
C. Analysis
The samples were taken from the reactive distillation column. It was washed with distilled water to stop the reaction and separated the alcohol and analyzed by titration method using Sodium Hydroxide (NaOH) and Phenolphthalein indicator.
III. RESULTS AND DISCUSSION
A. To Compare Between Reactive Distillation and Batch
Reactor Figure 2 shows comparison between reactive distillation and batch reactor at 80±5 oC, ethanol to oil ratio of 8:1 and with catalyst to FFA mass ratio of 0.27. At the same condition, the highest conversion of FFA was 40.03 in reactive distillation in 2 columns, but as for conversion of FFA was 36.53 in batch reactor. From figure 2b percentage of FFA was rapidly reduced at the first 60 minutes and then the reduction of FFA was slowed until got into steady state around 120 minutes. The result of reactive distillation was highest Figure 3 shows effect of catalyst to FFA mass ratio at 80±5 o C and ethanol to oil ratio of 8:1. The mass ratio of catalyst to FFA was increased, the percentage of FFA was changed from 59.10 to 40.03 which was consistent with the results of [4] From the experimental that percentage of FFA decreased sharply in the first 60 minutes and slowed down until got into steady state, but in the time between 180 and 240 minutes in mass ratio of catalyst to FFA equal 0.4, conversion of FFA was reduced. Probably as a result of the reaction is hydrolysis that a reversible reaction over the esterification. For higher catalyst amount the percentage conversion factor was increased by increasing reaction times. The reduction of FFA was increased with increasing catalyst to FFA mass ratio to 0.4 as shown in fig. 3b . Figure 4 shows effect of feed location at 80±5 oC, ethanol to oil ratio of 8:1 and with mass ratio of catalyst to FFA of 0.27. Reactant was fed to the upper part of reactive distillation. Thus conversion of FFA was up to 40.03, but position of reactant was changed to the lower part of reactive distillation that conversion of FFA only 38.25. By the time the first 60 minutes, the percentage of FFA was decreased continuously and got into steady state at 120 minutes. 
B. Effect of Catalyst to FFA Mass Ratio Reaction
C. Effect of Feed Location
IV. CONCLUSION
For reduction of FFA in CPO which biodiesel production by esterification reaction will be better when CPO and ethanol react for a long time in RD column. The RD column contains Amberlyst-15, which it could lead to a rapidly reducing FFA reaction because of increase catalysts. In addition, at upper part of column feed efficiently effect a result of reducing FFA process.
